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ABSTRACT
The Institute of Cetacean Research (ICR) initiated passive acoustic monitoring (PAM) as a pilot study to address 
observational gaps of large whales in northern Japan during boreal winter months when weather conditions 
constrain visual surveys from specialized vessels. This paper presents the results of a pilot study focused on 
fin whale (Balaenoptera physalus). The occurrence of this species in northern Japan was investigated using 
autonomous acoustic recorders deployed in Ōhata, Aomori Prefecture, from 26 November to 25 December 
2024. A total of 4,567 fin whale calls were detected, showing pronounced nighttime activity (18:00–08:00). 
The results of this pilot study demonstrated PAM’s effectiveness for detecting the occurrence of large whales 
in winter in northern Japan. Further studies are planned to evaluate the feasibility of this approach to estimate 
whale density.

INTRODUCTION

The Institute of Cetacean Research (ICR) has been conduct-
ing long-term monitoring of cetacean populations in the 
North Pacific Ocean to contribute to the scientific under-
standing and resource management of the large baleen 
whale species (Tamura et al., 2017). Dedicated sighting 
surveys by specialized vessels are valuable for estimating 
abundance and investigating their distribution. However, 
visual survey faces significant limitations during autumn 
and winter months in the North Pacific due to adverse 
weather conditions, limited daylight hours, and sea state 
constraints (Katsumata and Matsuoka, 2021). To address 
these observational gaps and enhance the temporal cov-
erage of the large baleen whale species monitoring, the 
ICR has initiated passive acoustic monitoring (PAM) as a 
pilot study to investigate the feasibility of this approach to 
complement the routine visual surveys by research vessels.

Previous PAM studies in Japanese coastal waters 
have demonstrated the potential of this approach for 
acoustic detection of baleen whales. For example, low-
frequency fin whale calls have been detected by seafloor 
cabled seismic networks and regional broadband sensors 
(Nishida et al., 2016; Sugioka et al., 2015), including areas 
near the Pacific coast of northern Japan. While these 
systems offer high temporal resolution and sensitivity 
in low-frequency bands, they are primarily designed for 

geophysical monitoring and thus lack the species-specific 
detection capabilities, deployment flexibility, and data 
accessibility needed for targeted ecological studies. To 
complement the long-term monitoring of baleen whale 
species by visual surveys, the ICR conducted a pilot pas-
sive acoustic monitoring survey in Ōhata, Aomori Prefec-
ture, Japan, from late November to late December 2024. 
In this paper, we report on the results of the pilot study.

The pilot study was focused on fin whales (Balaenop-
tera physalus). This species produces a distinctive vocal 
repertoire that includes low-frequency (∼20 Hz) down-
swept pulses and occasional mid-frequency (∼130 Hz) 
upsweep calls. The 20-Hz pulses—often referred to as 
“20-Hz calls” or “notes”—are short (typically <1 s) and 
highly stereotyped, occurring in regular sequences that 
can propagate over tens to hundreds of kilometers in 
the ocean due to their low-frequency nature and high 
source levels (Širović et al., 2007; Watkins, 1981; Watkins 
et al., 1987). These calls are commonly made by males 
and are considered to play a role in reproductive and 
long-range communication(Clark and Ellison, 2004; Croll 
et al., 2002; Watkins et al., 1987). Their detectability and 
consistency make fin whales particularly well-suited for 
PAM studies. Accordingly, in the North Pacific, PAM-based 
studies have successfully documented fin whale vocal ac-
tivity in remote or harsh environments such as the Bering 
Sea, Gulf of Alaska, and southern Chukchi Sea (Delarue 
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et al., 2009; Furumaki et al., 2021; Stafford et al., 2007; 
Tsujii et al., 2016), and more broadly in the Southern 
Ocean(Leroy et al., 2016).

MATERIALS AND METHODS

Data Collection
Between 26 November and 25 December 2024, we de-
ployed a passive acoustic recorder (AUSOMS-mini Plus, 
model AQM-0007; AquaSound Inc., Japan) in the coastal 
waters off Ōhata, Aomori Prefecture, Japan, to monitor the 
vocal activity of fin whales. The hydrophone was installed 
on the continental shelf at a depth of 29.2 meters, and its 
location (41°34ʹ55.92ʺN, 141°13ʹ4.08ʺE) is shown in Figure 
1.

The deployment procedure and the acoustic recorder 
unit are illustrated in Figures 2 and 3, respectively. The re-
cording system was deployed using a subsurface mooring 
configuration arranged by a commercial contractor. The 
system was designed to ensure recording stability and 
minimize flow noise during the observation period. The 
AUSOMS-mini Plus operated in continuous mono record-
ing mode at a sampling rate of 48 kHz. The hydrophone 
featured a frequency response range of 10 Hz to 20 kHz 
and a receiving sensitivity of −193 dB re 1 V/μPa. Calibra-
tion was performed prior to deployment in accordance 
with the manufacturer’s specifications.

The recording was conducted in two consecutive 
phases. The first phase lasted from 26 November to 25 

December 2024, totaling 339 hours, 29 minutes, and 57 
seconds. The second phase spanned from 10 to 25 Decem-
ber 2024, totaling 363 hours, 33 minutes, and 29 seconds. 
A hydrophone replacement was carried out between the 
two phases, resulting in a recording gap of approximately 
two hours. The procedure was performed to minimize in-
terruption of acoustic data acquisition. All recordings were 
successfully retrieved for subsequent analysis.

The collected acoustic data were processed with a 
focus on the low-frequency components, characteristic 
of fin whale vocalizations. As part of the preprocessing, 
the data were downsampled to 500 Hz and subjected to 
a band-pass filter at 15 Hz to 40 Hz that eliminated low 
and middle frequency background noise. Subsequent 
analyses aimed to detect ∼20 Hz pulses (approximately 
17–30 Hz) as previously described by Watkins et al. (1987) 
and Širović et al. (2007).

Data analysis
Spectral analysis was conducted in a two-step process to 
effectively identify and characterize fin whale vocaliza-

Figure 1.　 Map of the study area showing the deployment loca-
tion of the passive acoustic recorder (AUSOMS-mini 
Plus, model AQM-0007; AquaSound Inc., Japan) in 
the coast of Ōhata, northern Japan. The recorder was 
moored at a depth of 29.2 meters on the continental 
shelf (41°34ʹ55.92ʺN, 141°13ʹ4.08ʺE), as indicated by 
the orange triangle.

Figure 2.　 Deployment of the AUSOMS-mini Plus passive 
acoustic recorder in Ōhata, Aomori Prefecture, 
Japan. The recorder was lowered from a research 
vessel and installed at a depth of 29.2 meters using 
a mooring configuration.

Figure 3.　 Close-up view of the AUSOMS-mini Plus recorder 
before deployment. The unit is enclosed in a protec-
tive frame and equipped for subsurface mooring.
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tions. First, long-term spectral averages (LTSAs) were gen-
erated using TRITON, a custom MATLAB-based software 
developed by Scripps Institution of Oceanography, CA, 
US (Wiggins and Hildebrand, 2007). These LTSAs provided 
an overview of the temporal distribution and frequency 
ranges of prominent acoustic signals over multi-hour to 
multi-day time scales, enabling efficient identification of 
time windows likely to contain fin whale calls. Based on 
the LTSA results, segments containing potential vocaliza-
tions were subjected to detailed analysis using Avisoft-
SASLab Pro (ver. 5.2.09; Avisoft Bioacoustics, Berlin, 
Germany). Prior to analysis, a band-limited filter was 
applied to isolate the frequency range of interest (typi-
cally 17–30 Hz for fin whale 20 Hz calls). The detection 
threshold was set to −14 dB relative to the maximum, 
with a minimum hold time of 20 ms, ensuring consistent 
element separation and reducing false detections.

For each detected pulse, spectral parameters such 
as peak frequency, minimum and maximum frequency, 
bandwidth, and peak amplitude were automatically ex-
tracted. Temporal parameters including element duration 
and inter-call interval were also computed.

Spectrograms were computed using a 1024-point fast 
Fourier transform (FFT) with a Hamming window and 
87.5% overlap, yielding a frequency resolution of 1 Hz and 
temporal resolution of approximately 10.7 milliseconds. 
This configuration was selected to optimize detection of 
short-duration low-frequency signals. The temporal dis-
tribution of calls was visualized as heatmaps using Python 
(JupyterLab v4.3.1) and the ggplot2 package (Gómez-
Rubio, 2017), allowing for the identification of diel and 
day-scale variability in vocal activity.

RESULTS

Acoustic identification of fin whale calls
Representative spectrograms extracted from the da-
taset (Figure 4) displayed repeated low-frequency 

pulses around 20 Hz occurring at regular intervals—an 
acoustic pattern widely recognized as characteristic of 
fin whale vocalizations (e.g., Moore et al., 1998; Širović 
et al., 2007). Although the spectrogram alone does not 
conclusively determine species identity, the observed 
regularity in both frequency and temporal spacing pro-
vided preliminary evidence supporting classification as 
fin whale calls.

To validate this interpretation, we conducted quantita-
tive analyses of the detected signals’ acoustic features. 
First, the distribution of peak frequencies was tightly clus-
tered around 18.7 Hz, with most values falling between 
15 and 25 Hz, matching the well-documented spectral 
characteristics of fin whale calls reported in earlier stud-
ies (e.g., Moore et al., 1998; Širović et al., 2007; Tsujii 
et al., 2016). This distribution is visualized in Figure 5a. 
In addition, the calls exhibited short durations, with a 
median of approximately 0.7 seconds, and a strongly 
right-skewed distribution (range: 0.2–2.0 s). This duration 
profile was well-approximated by a Weibull probability 
density function, as shown in Figure 5b, consistent with 
previously reported pulse durations for fin whale signals. 
Furthermore, the inter-call intervals (ICIs) ranged from 
10 to 60 seconds, with a mode near 15 seconds, and a 
long-tailed distribution pattern. This structure is shown 
in Figure 5c, and it reflects the rhythmic repetition that is 
characteristic of fin whale stereotyped song sequences.

The results of the acoustic survey were corroborated 
by visual confirmation of fin whale presence in the same 
region during a ship-based sighting survey conducted in 
the autumn of 2019 (October–November), as reported 
by Katsumata and Matsuoka (2021). This independent 
visual record serves as external validation for attribut-
ing the recorded vocalizations to fin whales. In addition 
to the strong agreement of acoustic features—such as 
frequency, duration, and inter-call interval—with estab-
lished characteristics of fin whale calls, the spectrograph-

Figure 4.　 Long-duration spectrogram of fin whale calls recorded off Ōhata, Aomori Prefecture, Japan, in winter 
2024. Spectral analysis was performed using a 1024-point Fast Fourier Transform (FFT) with a Hamming 
window, 75% overlap, and a frame advance of 100 samples. Repeated low-frequency pulses (∼20 Hz) with 
regular spacing are visible throughout the 6-minute segment, characteristic of fin whale stereotyped song 
patterns.
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ic analysis and corresponding visual observations further 
reinforce this conclusion, providing robust evidence for 
identifying the detected vocalizations as those produced 
by fin whales.

Temporal distribution of fin whale calls
During the initial recording period from 26 November 
to 25 December 2024, a total of 4,567 fin whale calls 
were detected, revealing pronounced diel variability in 
vocal activity. Hourly detection counts indicated discrete 
periods of heightened acoustic activity, with particularly 
elevated call rates (>300 detections per hour) observed 
during the evening to early morning hours (18:00–08:00) 
on 7, 9, 10 and 11 December (Figure 6). These noctur-
nally concentrated call bouts may reflect diel patterns in 
behavioral states such as social interaction or foraging, or 
alternatively, improved acoustic transmission conditions 
during nighttime. Transient daytime peaks detected on 4 
and 5 December further suggest that vocal activity was 
not strictly restricted to nocturnal periods.

DISCUSSION

Acoustic monitoring as a complementary approach to 
visual surveys
A total of 4,567 fin whale calls were detected between 
26 November and 25 December 2024, providing robust 
acoustic evidence of the species’ presence in the coastal 
waters off northern Japan during the boreal winter. This 
finding is further supported by ship-based visual sightings 
recorded in the same region during the autumn of 2019 
(October–November), as reported by Katsumata and 
Matsuoka (2021). Their results indicate that fin whales 
utilized the coastal waters of northern Japan during the 
autumn season, lending additional support to the inter-

pretation that this area serves as an important seasonal 
habitat for the species.

Our observations also recorded vocalizations from spe-
cies other than fin whales and advancing species identifi-
cation represents a future challenge. Long-term monitor-
ing through PAM has been widely applied to investigate 
the seasonal and diel distribution patterns, migratory 
routes, population structure, and reproductive and social 
behaviors of cetaceans (Delarue et al., 2009; Leroy et al., 
2016; Stafford et al., 2007). Around the coast of Japan, it 
is necessary to increase the number of observation sites 
and conduct monitoring of species whose migration pat-
terns are poorly understood.

In recent years, methods have been developed to 
adapt PAM to distance sampling for density estimation 
(Marques et al., 2013). To advance from a qualitative 
presence/absence assessment of fin whales to a quan-
titative estimation of their population density, several 
technical challenges must be addressed: i) the source 
level distribution of 20-Hz pulses produced by fin whales 
in Japanese waters remains poorly characterized. Acous-
tic tagging efforts (e.g., Stimpert et al., 2015; Watkins 
et al., 1987) are expected to provide essential baseline 
data to address this gap; ii) converting detected calls 
into individual whale counts requires reliable estimates 
of how frequently a single whale produces vocalizations 
(e.g., Marques et al., 2013); and iii) accurate modeling 
of sound attenuation in shallow environments such as 
continental shelves and slopes is crucial for estimating 
the effective detection range and probability of calls (e.g., 
Mellinger et al., 2007).

To address the components above, the ICR is testing 
the development and deployment of archival acoustic 
tags. Figs. 7 and 8 show the designed acoustic tag and its 

Figure 5.　 Distributions of acoustic parameters for detected fin whale 20 Hz pulses. (a) Peak frequency (Hz): the 
majority of calls exhibited peak frequencies clustered around 18.7 Hz, consistent with known fin whale 
vocalizations; (b) Call duration (s): most pulses were short in duration, with a median of 0.7 s and values 
typically falling between 0.2 and 2.0 s; (c) Inter-call interval (s): temporal spacing between calls ranged from 
10 to 60 s, with a mode near 15 s, reflecting stereotyped rhythmic sequences. All histograms are overlaid 
with kernel density estimation (KDE) curves to illustrate overall distribution shape.
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deployment to fin whales. Once source-level estimation 
and calling rate quantification are established through 
acoustic tag deployment, distance sampling-based den-
sity estimation can be implemented. Another promising 
approach is the Spatially Explicit Capture–Recapture 
(SECR) method, which estimates animal density by mod-
eling the spatial distribution of detections relative to sen-
sor locations, and we plan to work on density estimation 
using this method in the future.

Temporal clustering and behavioral inference
Hourly detection trends revealed a pronounced diel 
rhythm in fin-whale vocal activity. Call counts were 
strongly concentrated during the night–early-morning 
period (18:00–08:00), and on 7, 9, 10 and 11 December 
hourly detections exceeded 300 calls. Similar nocturnal 
predominance has been reported elsewhere in the North 
Pacific (Širović et al., 2015; Watkins et al., 1987). Three 
non-mutually exclusive mechanisms may underline this 
pattern: i) endogenous behavioural rhythms associated 
with nocturnal foraging or social communication; ii) en-
hanced low-frequency propagation after sunset owing to 
changes in the sound-speed profile or reduced background 
noise; and iii) acoustic preference or timing of intra-specific 
information exchange restricted to specific hours.

Daytime detection bursts on 4 and 5 December indicate 
that calling is not exclusively nocturnal. Such unequal tem-
poral distribution could also reflect transient aggregations 
of migrating animals or local environmental variability—
e.g. prey density, water-column temperature structure 
or tidal flow. Because the present time series is relatively 
short and call samples are limited, a quantitative assess-
ment of the ecological drivers is therefore premature.
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Figure 6.　 Hourly heatmap of fin whale call detections re-
corded in Ōhata, Aomori Prefecture, Japan, from 
26 November to 25 December 2024. The x-axis 
indicates the hour of day (0–24), and the y-axis rep-
resents the calendar date. Color intensity reflects 
the number of detections per hour, with a notable 
concentration of vocal activity during nighttime 
hours. The bar plots above and to the right of the 
heatmap show the total number of detections per 
hour and per day, respectively. White gaps in the 
heatmap indicate periods of recorder replacement 
or data loss.

Figure 7.　 The acoustic tag designed and developed by the 
ICR. A VHF transmitter (BTL-T03-1, Circuit Design 
Inc.) is mounted for recovery purposes. The hydro-
phone uses AquaSound Inc.’s AUSOMS micro.

Figure 8.　 Acoustic tag deployment on a fin whale off Abashiri, 
May 2024. The tag was recovered 2 hours post-
attachment.
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